This is an open access article under the terms of the Creat ive Commo ns Attri bution-NonCo mmercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes. © 2019 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd on behalf of Japanese Cancer Association. This is the first study to show a direct role of stabilized HIF-1α expression on inhibition of TGF-β-induced EMT phenotypes in lung cancer cells, in part, through protein phosphatase activity.
| INTRODUC TI ON
Mounting evidence suggests that the tumor microenvironment plays important roles in development and malignant progression of cancers and resistance of cancer cells to therapies. In normal tissue, crosstalk between epithelial cells and fibroblasts retains tight epithelial integrity through formation of an E-cadherin/β-catenin complex at the cell membrane 1,2 and maintains extracellular matrix (ECM) homeostasis. 3, 4 Disruption of epithelial integrity causes aberrant phenotype alterations in proliferation, differentiation, adhesion, motility, and aberrant ECM production-all hallmarks of cancers.
1,2
Furthermore, dynamic imbalance in remodeling and homeostasis of ECM directly deregulates the behavior of cancer cells and cancerassociated fibroblasts (CAF); as a consequence, cancers progress.
3,4
The tissue microenvironment often includes not only activated transforming growth factor β (TGF-β) but is also affected by persistent hypoxia stimulation during development of cancer. 5, 6 Recent studies
show that TGF-β-induced β-catenin translocation from E-cadherin complexes at the cell membrane into the cytoplasm induces expression of mesenchymal genes such as fibronectin and collagen type I. [7] [8] [9] [10] [11] Thus, disruption of epithelial integrity and aberrant ECM production are characteristics of epithelial-mesenchymal transition (EMT) in cancers.
12
Stabilized expression of hypoxia-inducible factor 1α (HIF-1α)
protein has been postulated to be a hallmark of the response to hypoxia. 13, 14 As a prognostic significance of HIF-1α expression was reported in several types of cancer, 15, 16 many clinical trials targeting inhibition of HIF-1α expression have been carried out. 17 Meanwhile, a recent study suggested that the stabilization of hypoxia-inducible factor 2α (HIF-2α) expression could prevent dissociation of the cadherin complex at the endothelial cell membrane through protein phosphatase activity, resulting in attenuation of acute lung injury.
18
Thus, the exact role of stabilized HIF-1α expression in aberrant ECM production in cancers remains elusive.
The present study aimed to determine the role of stabilized HIF-1α expression in cadherin/catenin complex formation and inhibition of aberrant ECM production in lung cancer cells and fibroblasts under stimulation by TGF-β.
| MATERIAL S AND ME THODS

| Materials
Monoclonal mouse anti-HIF-1α antibody (clone 54/HIF-1α), purified anti-β-catenin antibody (clone 14/Beta-Catenin), and FITC-conjugated mouse anti-E-cadherin antibody (clone 36/E-Cadherin) were pur- 
| Knockdown analysis using small interfering RNAs
The following double-stranded 21-bp RNA oligonucleotides for human HIF-1α (HIF-1α: NM_001530) were commercially generated (Invitrogen Life Technologies): HIF-1α siRNA #1, 5′-CCUCAGUGUGGGUAUAAGATT-3′(sense) and 5′-UCUUAUA 
| Real-time PCR
Total RNA was isolated from treated cells as previously described. 25 Real-time PCR assays were carried out using the GoTaq and antisense (5′-TGCTTCAACACCTCCAACTC-3′). These mRNA expression levels were normalized to the 18s rRNA mRNA signals. 
| Western blotting analysis
For whole-cell extracts, cells were harvested in ice-cold lysis buffer and cleared by centrifugation. 11, 26 The samples were then subjected to SDS-PAGE and analyzed by immunoblotting. To detect phosphorylation levels of the targeted proteins, PhosSTOP was added to the lysis buffer and Can Get Signal was added to the dilution solution for primary and secondary antibodies. 11 β-Actin was evaluated as a loading control. After scanning the film to create a digital image, the amount of protein on the immunoblots was quantified by image software Quantity One (BioRad Laboratories).
11,27
| Immunofluorescence
Double immunostaining for β-catenin and E-cadherin was carried out as previously described. 11, 28 Nuclear staining was done by Hoechst 33342. Distribution of β-catenin and E-cadherin was determined by confocal laser scanning microscopy (TiEA1R; Nikon Instech Co., Tokyo, Japan) Imaging software (NIS-Elements AR; Nikon Instech
Co.) was used for the fluorescence intensities of β-catenin, E-cadherin, and the nucleus. 11 To determine cellular distribution of β-catenin and E-cadherin in treated cells, fluorescent intensities over a random cross-section of the cells were plotted. 11 Relative levels of intensity at the cell membrane to total plotted intensity in the cells (C/T ratio) were evaluated.
| Statistical analysis
Non-normally distributed results were analyzed using the MannWhitney test for comparison between any two groups. Furthermore, they were analyzed by nonparametric equivalents of ANOVA for multiple comparisons. P-value <0.05 was considered statistically significant.
| RE SULTS
| Effects of hypoxia and TGF-β on EMT phenotypes in H358 cells
First, a kinetic analysis of ECM production and epithelial integrity 
| Effect of silencing endogenous HIF-1α transcription on TGF-β-induced EMT phenotypes in H358 cells
In order to determine the role of endogenous levels of HIF-1α transcription on acquisition of the TGF-β-induced EMT phenotypes, siRNAs for HIF-1α were carried out for H358 cells. siRNAs for HIF-1α
were transfected into H358 cells, resulting in potent HIF-1α mRNA experiments showed similar results (data not shown).
| Effect of stabilized HIF-1α expression on TGF-β-induced EMT phenotypes in H358 cells
Hypoxia inducible factor expression is tightly controlled at the posttranslational level by prolyl hydroxylase domain proteins (PHD). 30 By using a Dox-dependent HIF1αdPA expression system, 19 we evalu- 
| Effect of HIF-1α lacking an oxygen-dependent degradation domain on TGF-β-induced EMT phenotypes in H358 cells
In H358 cells carrying a Dox-dependent HIF1αΔODD (Δ402-603), 
| Role of induction of endogenous HIF-1α stabilization on TGF-β-induced EMT phenotypes in H358 cells
In order to evaluate the importance of endogenous HIF-1α stabilization in regulating TGF-β-induced EMT phenotypes, HIF-1α stabilizers were used. H358 cells were treated with cobalt chloride showed that FG treatment led to >65% decrease in TGF-β-induced 
| Effect of endogenous HIF-1α stabilization in rat epithelial cells and fibroblasts
In order to determine the effect of endogenous HIF-1α stabilization in regulating TGF-β-induced EMT phenotypes in rat species, we evaluated a rat epithelial cell line, RLE-6TN. RLE-6TN cells treated with FG for 96 hours showed HIF-1α protein expression Figure S6B ). 
| D ISCUSS I ON
There is increasing awareness of the tissue microenvironment in which acquisition of EMT phenotypes through aberrant crosstalk between cancer cells and CAF affects disease development and progression in lung cancer. 34 Therefore, prevention of the development of these EMT phenotypes is one of the most critical targets in treating lung cancer. Our previous studies showed that excessive ECM production is closely associated with β-catenin translocation into the cytoplasm, stimulated by either TGF-β or persistent hypoxia in lung cancer cells and lung fibroblasts. 10, 11, 20, 27 Although persistent hypoxia also induces acquisition of the EMT phenotypes, 20, 35 differential cellular responses to acute and persistent hypoxia were observed in acute lung injury/fibrosis in vitro and in vivo. 19, 36 Although combined stimulation by hypoxia and TGF-β for a very short-time period (6 hours) did not accelerate TGF-β-induced β-catenin translocation, TGF-β and/or hypoxia stimulation for short-time periods (24 hours) induced dissociation of the β-catenin/E-cadherin complex in epithelial cells. 10, 11, 20 Hypoxia-inducible factors activate the transcription of genes that might be associated with cancer development. 37 Meanwhile, stabilized HIF-1α protein expression also plays differential roles in the pathogenesis of cancers and injury/fibrosis. 37, 38 Several studies have
shown that stabilized HIF protein expression might protect tissue from injury. 38, 39 In the present study, decreasing levels of HIF-1α protein expression were associated with disruption of epithelial integrity in H358 cells. Indeed, combined stimulation by TGF-β and hypoxia for a Previous studies evaluated the biological effects of HIF-1α by using an HIF-1α mutant in which the HIF-1α ODD domain is deleted.
5,13
Although the HIF-1α ODD domain involves the N-terminal transactivation domain (N-TAD), 23 the previous study showed that lack of N-TAD in HIF-1α caused a loss of optimal HIF transcriptional activity, possibly as a result of the lack of interaction with additional transcriptional cofactors. 
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